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Thesis Summary 
Glycosaminoglycans (GAGs) are linear and anionic polysaccharides found in extracellular matrices, and are related to 
several intracellular biological phenomena. Their structure is highly heterogeneous in terms of their chain length and 
modification, and this structural diversity is closely related to their biological functions. The structure of GAGs is regulated 
by the biosynthetic mechanisms; hence, a method for evaluating the GAG production capability including their 
biosynthetic intermediates is needed for the structure-function relationship studies. β-Xylosides have been used artificial 
acceptors for GAG; however, the structures of β-xylosides appropriate for investigation of GAG intermediates are not yet 
developed. Therefore, it was the aim in this study to discover a β-xyloside suitable for in-depth analysis of GAG 
biosynthetic intermediates in cells and to establish a comparative quantification method. The thesis is composed of six 
sections.  
In chapter 1, general information on GAG and the saccharide primer method was summarized, and then issues in GAG 
related bioscience were clarified. Additionally, the aim of the study was described. 
In chapter 2, the synthetic scheme for β-xylosides that have O-xylosyl amino acid residues was established using 
chemoenzymatic condensation.  
In chapter 3, the priming ability of the four β-xylosides in normal human dermal fibroblast cells were examined. By 
optimization of sample preparation and liquid chromatography-tandem mass spectrometry conditions, an analytical 
method for phosphorylated oligosaccharides was established, and then the saccharide primer appropriate for 
comparative quantification of GAG intermediate was determined.  
In chapter 4, a comparative quantification method for elongated oligosaccharides using stable isotope labeled 
saccharide primer was established. The method was validated using GAG biosynthesis inhibitors. The result indicates 
that the method could clarify differences in the mode of action of the examined GAG inhibitors. 
In chapter 5, the effect of exogenous sulfated GAGs on endogenous GAG production was examined by the comparative 
quantification method. The method revealed that certain sulfated GAGs stimulate NHDF cells to increase endogenous 
GAG production.  
In chapter 6, the results and discussion of the thesis were summarized and the perspective of the method established in 
the thesis was described. 
In the present thesis, the feasibility of saccharide primer method using β-xyloside for quantitative and qualitative studies 
for the capability of GAG intermediate biosynthesis was demonstrated. The saccharide primer method was applied to 
evaluate the effect of exogenous GAGs on endogenous GAG production. The established comparative quantification 
method made it possible to reveal the difference in the biosynthetic abilities of the cells for GAG intermediates. This 
method will lead to an understanding of both GAG biosynthetic mechanisms and the structure-activity relationship of the 
GAG, as well as drive GAG-based drug discovery. 
